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SYSTEM AND METHODS FOR ADDRESSING A MATRIX 



Cross-Reference to Related Applications 

This application claims the benefit of prior filed provisional application number 
5 60/226,100, filed August 17, 2000, and entitled System and Methods for Addressing a 
Matrix, which is incorporated herein by reference. 



Background 

1 . Field of the Invention 

10 The present invention relates generally to methods and apparatus for providing a 

matrix of uniquely addressable locations and, more particularly, to devices that may 
uniquely address locations in a matrix of addressable locations using a reduced number 
of address bits. 

2. Related Art 

15 Several types of devices require unique locations to be addressed. Examples of 

these include, but are not limited to, devices that present data such as video displays, 

devices that may receive and record matrix data such as imaging arrays, and devices that 
may interconnect internally such as logic arrays. Another type of device which requires 
unique locations to be addressed is a device which may store and receive data such as a 
20 computer memory. 

In the context of computer memories, since the advent of the first computer, it 

has been realized that memory devices for storing information are an essential element of 

a working computer. Many types of memories for computers have been developed, such 

as read-only memories (ROMs) and random-access memories (RAMs) as well as 
25 magnetic and optical data storage disks. These memories are accessed for read/write 

operations by the central processing unit (CPU) of the computer. 

As computers have gotten smaller and faster, computer and memory unit 
designers have recognized that the memory devices likewise need to be smaller and 
operate faster. This has led to very competitive research and development of smaller. 

30 faster memory units. 

The same has been true of display screens and other devices that may require 
unique locations to be addressed in order to control their operation. That is, almost all 
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devices of present day that require unique addressing are getting smaller and faster and 

the trend is continuing, 

The basic structure upon which present devices where unique addressing is 
required (e.g., computer memories, sensor arrays and LCD displays) is based is the 
row/column array configuration. This structure has been very useful, not only in the 
field of computer memories but also as a model for conceptually dealing with data 
structures in the computer science art. 

Fig. 1 is an example of a prior art row/column array 1 used to address unique 

location.. The array 1 includes several rows 2 and columns 3. in some instances, an 

active component, such as a memory cell, a "pixel" for a display screen or a sensor, may 
be located at the intersection point of a row and a column. 

In order to access a particular element in the array 1 , the CPU (not shown) must 

access both the row and the column corresponding to the location of the element in the 

array. This entails sending a location address from the CPU to the array 1 . The address 

is then decoded by conventional means such as a multiplexer, and the correct active 

component may be accessed. Thus, the location of each element may be represented as 
Nr sC where the r and c represent the row and column, respectively (with the first row and 
column being denoted as "0" as is conventional). 

For example, in the 8x8 array 1 of Fig. 1, if the CPU desired aCOeSS tO the 
element at the intersection of the third row and the eighth column (n^) the CPU would 

have to send a binary row address of 010 to the row decoder 4 and a binary column 

address of 1 1 1 to the column decoder 5, The row decoder 4 and column decoder 5 are 
typically implemented as multiplexers. The row decoder 4 converts the three bit row 

input to a binary representation of 00000100. This output is then transferred to the array 

1 through hard wired connections between the output of the row decoder 4 and the array 
1 . Thus, in order to access each row of the 8x8 array 1, eight physical line Connections 
(as well as the requisite multiplexer) must be included with the array 1 . Similarly, the 
column decoder 5 receives the address 111 and converts it to 10000000 leading to an 
additional 8 lines (and a second multiplexer) to be connected to the array 1 . Thus, a total 
of 16 physical line connections and two decoders are required in order to access each and 
every cell of the 8x8 array 1, The interconnections and decoders require space on an 
integrated chip and therefore serve as a bottleneck when trying to reduce the physical 
size occupied by the array 1 and its supporting hardware. 
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When an array is configured in the manner described above, the number of 
address bits required to access the particular matrix is determined by the size of the array. 
For example, addressing for a 64 cell, 8x8 matrix 1 requires at least 6 bits, 3 for the row 
and 3 for the column. Thus, an inherent relationship exists in essentially all conventional 
array type devices between the requisite number of address bits and the number of active 
elements in the array 1 as shown in equation (1): 

addresses = 2 n (1) 
where n is the number of address bits. However, this equation is deceiving; it represents 

the number of bits the CPU must "send out" in order to access a particular active element 

of the array 1 . In actuality, the number of address bits received by the array 1 is equal to 
the number of physical line connections to the array 1 as discussed above. Thus, for the 
8x8 array discussed above, the array 1 actually receives 16 address bits. This is more 
than double the number of address bits needed to represent each of the active elements of 

the array. The transmission of these extra bits requires additional wiring and thus, 
increases the size and complexity of arrays. 

n • n/9 • . n/9 

Thus, for a square array containing 2 active elements, 2x2 lines (i.e., 2 

columns and 2 11/2 rows) must be supplied to and embedded within the array. For 

example, for an array of 4096 bits (2 12 ), 128 (2x2 6 ) lines are necessary, even though 

the lower limit of binary addresses required from the CPU is only 12 - a full order of 

magnitude less than the row column scheme requires. This disparity grows 

exponentially as the array grows in size. 

Other issues related to the amount of wiring required in conventional devices 
include the complex topology necessitated by the perpendicular passage of row and 
column lines past one another to reach their respective connections to the cell. 

Devices having a plurality of uniquely addressable locations of the prior art were 
typically rigid integrated chips. At times, when repairing or modifying the internal 
configuration of the product that includes such devices, an integrated chip could be 
cracked or broken. Further, having the device placed on an integrated chip severely 
limited the shape the device could take. For example, an array configured in the 
row/column manner somewhat predisposes the chips to take on a square shape (See e.g., 
Fig. 1). While the rows and columns may intersect one another at angles other than right 
angles, the space constraints of the active element which actually stores, displays or 
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receives the information of interest must fit and be connectable to the rows and columns 

and this limits the row/column configuration. 

In addition, there is a lower size limit dictated by the total perimeter necessary to 
accommodate all interconnections from all lines of the array to external devices. For 
example, with the 4096 bit array described above, the total perimeter is equal to roughly 
128xP, where P is the so called "pitch distance" required between bonding pads. Thus 
one side of the square array is approximately (128 x P/4) in length and the area of the 
array can be no less tkan (128 x P/4) 2 . Since bonding pads must be large enOUgh tO 
accommodate ordinary wires, P is a number which cannot be reduced into the 
microscopic range. Therefore, even if the array itself is reduced to a mmiscule area, tke 
overall package cannot be reduced beyond the size dictated by the lower limits of 
perimeter length. In actuality, the perimeter is even greater than described above since 
additional grounding lines must be regularly interspersed amongst the signal lines to 

control inter-line capacitive interference. 

The typical row/column configuration may also have inherent signal propagation 

delays because a signal must traverse the long narrow conduction pathways established 

in the array before it is read out. 

Another source of delay may come in the form of a stabilization timing delay 
which is inherent in a conventional row/column accessing scheme. Typically, to access, 
for example, a particular memory cell, sensor or display element, the column is 
addressed, allowed to stabilize, and then the row is addressed and allowed to stabilize. 
The timing of the stabilization has received a great deal of attention as it is related to 
clock cycles with various conventional schemes. 

Summary 

Aspects and embodiments of the present invention may overcome some or all of 
the above and other drawbacks to conventional addressing protocols. In some 
embodiments, the devices do not need to store data and only the methods and systems for 
addressing uniquely addressable locations disclosed herein need be applied. In other 
applications, such as memory devices, displays, and sensors, and active element may 

need to be accessed (e.g., read from or written to). In these embodiments, aspects of the 

present invention includes both methods and apparatus that enable access to and from a 
array requiring significantly fewer actual address bits. In addition, some embodiment 
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may significantly reduce the propagation delays inherent in current memory or other 
devices. 

In one embodiment, a system for addressing unique locations in an array is 

disclosed. This embodiment includes a plurality of addressing layers that include 

addressable switch elements of at least two types, each type of switch element is 

responsive to at least one of at least two types of switching signals capable of 
transmission through the addressing layers. This embodiment also includes a plurality of 
serial connections of selected addressable switch elements, one switch element from each 
of the plurality of addressing layers, each serial connection separately located to establish 
unique array addresses based on the state of the serially connected addressable switch 
elements. 

In another embodiment, a system consisting of a plurality of uniquely addressable 
locations is disclosed. This embodiment includes a plurality of virtual columns including 
a plurality of serially connected switch elements. In this embodiment, the plurality of 
switch elements may be one of a plurality of responsive types and responsive to at least 
one of a plurality of possible switching signal types. 

In another embodiment, a system for addressing unique locations in an array is 
disclosed. This embodiment includes a plurality of virtual columns where each virtual 

column includes a plurality of addressable switch elements. This embodiment also 

includes at least one addressing layer coupled to at least one of the plurality of 
addressable switch elements. 

In another embodiment, a matrix of uniquely addressable locations is disclosed, 

This embodiment includes a first virtual column that includes a first addressable switch 

element and a second addressable switch element. This embodiment also includes a 
second virtual column including a third addressable switch element and a fourth 

addressable switch element, 

In yet another embodiment, a matrix of uniquely addressable locations is 
disclosed. This embodiment includes two or more addressing multi-layers. The 
addressing multi-layers include two or more sub-layers for conducting an addressing 
signal. This embodiment also includes a plurality of virtual columns. The virtual 
columns include a plurality of addressable switch elements coupled to the two or more of 
the addressing multi-layers. 
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In another embodiment, a matrix of discretely addressable locations is disclosed. 
This embodiment includes an optically conductive material and a plurality of virtual 
columns. Each virtual column includes at least two addressable switch elements and are 
disposed in the optically conductive material. This embodiment also includes a first 
5 signal generator that generates at least two different optical signals. The generator is 

disposed such that it produces at least one optical signal that passes through the optically 
conductive material. 

In another embodiment, a matrix of uniquely addressable locations is disclosed. 

This embodiment includes a plurality of addressing layers having a first portion of a first 

10 type and a second portion of a second type. The first portion allows a signal to pass 

there-through only upon the receipt of a first signal type and the second portion allows a 

signal to pass there-through only upon the receipt of a second signal type, In this 

embodiment, at least two of the plurality of addressing layers are disposed such that an 
ordered alignment of the first and second portions of the at least two of the two or more 
15 addressing layers is established. 

Brief Description of the Drawings 

Aspects of the present invention are pointed out with particularity in the 

appended claims. Various aspects and embodiments of the present invention may be 

20 better understood by referring to the following description when taken in conjunction 
with the accompanying drawings, in which: 

Fig. 1 is an example of a prior art array; 

Fig. 2 is an example of one embodiment of a virtual column which may be used 
in some embodiments of the present invention; 
25 Fig. 3 is a diagram of two virtual columns connected to a plurality of addressing 

layers; 

Fig. 4 is an example of one embodiment of a matrix according to the present 
invention; 

Fig. 5 is a cut-away view of a virtual column disposed through an addressing 

30 layer and an insulating layer; 

Fig. 6a is an example of two addressable switch elements connected in series to 
form a portion of a virtual column; 
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Fig. 6b is a more detailed depiction of the addressable switch elements shown in 
Fig. 6a; 

Fig. 7a is an example of one embodiment of a matrix before a virtual column is 

inserted therein; 

Fig. 7b is a cut-away view of a matrix having a virtual column inserted therein; 

Fig. 8 is an exploded view of two addressing layers showing an example of how 
addressing layers of some embodiments of the present invention may be constructed; 

Fig. 9a discloses another embodiment of a virtual column according to the 
present invention; 

Fig. 9b shows a plurality of virtual columns constructed in a similar manner to 

the virtual column of Fig. 9a coupled to one another; 

Fig. 10 shows a portion of a virtual column wherein two addressing layers are 
connected to a single addressable switch element; 

Fig. 1 1 is a schematic of one embodiment of the signal distributor illustrated in 
Fig. 10; 

Fig. 12 shows yet another alternative embodiment of a matrix that does not 
include addressing layers; 

Fig. 13 is an example of one embodiment of the present invention implemented 
as a dynamic random access memory (DRAM) utilizing capacitors as the memory 
elements; 

Fig. 14 is an embodiment of the present invention which utilizes flip-flops as the 
memory elements; 

Fig. 15 is a more detailed view of a portion of the embodiment shown in Fig. 14; 
Fig. 16 is an exploded view of another embodiment of the present invention that, 
in some instances, may allow virtual columns to share addressable switch elements; 

Fig. 17a is an example of one embodiment of the present invention implemented 

as a continuous spiral wind; 

Fig. 17b is an embodiment of the present invention which includes several 
discrete portions of a matrix according to the present invention stacked together; 

Fig. 17c is an exploded view of two of the strips of Fig, 17b (or overlapping 
portions of the spiral wind of Fig. 17a) illustrating one manner in which such strips may 

he constructed; 
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Fig. 18 is an example of a matrix according to the present invention divided into 
several sections; 

Fig. 19a shows a plurality of matrices stacked on top of one another and 

connected to external bus bars; 

5 Fig. 19b shows a more detailed view of a matrix which may be used in the 

embodiment of Fig. 19a; and 

Fig. 20 shows a plurality of virtual columns passing through addressing layers 
which are constructed such that the addressable switch element performs a column 
disabling as opposed to a column enabling function when the appropriate signal is 
10 applied thereto. 

Detailed Description 

Aspects and embodiments of the present invention are related to matrices of 

uniquely addressable locations. The matrices of embodiments of the present invention 

15 may include a plurality of virtual columns. As used herein, and described in greater 
detail below, a virtual column is a construct that includes a plurality of addressable 

switch elements (or "switch elements") that are used to uniquely address each virtual 
column. 

In some embodiments, the virtual column may also be associated with or include 

20 at least one data storage element for storing a block (e.g., a word or a bit) of data. 

However, the virtual column does not require a data storage element in all embodiments. 
For instance, the virtual column may not be associated with a data storage element in 
embodiments that do not require data storage. Examples of such applications include, 
but are not limited to, display screens and sensor arrays. 

25 

Virtual Columns 

Fig. 2 shows an example of a virtual column 200. The virtual column 200, for 
example, includes two addressable switch elements 202 and 204. However, the virtual 

column 200 may contain any number of addressable switch elements. As discussed 
30 below, the addressable switch elements define the unique address of the virtual column 

200. The number of addressable switch elements m each virtual column may be 
correlated to the number of discrete addresses a matrix may contain. In one embodiment, 
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if there are "n" addressable switch elements per virtual column, then there are 2 n possible 
addresses. 

The addressable switch elements of a the virtual column 200 may be coupled 
(either electrically, optically or by other means) together by what shall be referred to 
herein as "feed-throughs." The feed-throughs 208 serve, in combination with the 

addressable switch elements, as pathways through virtual column 200 for passage of 

signals there-through. In some embodiments, signals may be passed to or from a data 
storage element when the virtual column 200 becomes conductive. However, as 
discussed above, the virtual column 200 need not include a data storage element 201 in 
applications where data storage is not needed. For instance, the columnar addressing 

tecWiques described herein could be applied to applications such as video displays, 

video imaging systems, sensor arrays, and logical processors which are "real time" and, 

therefore, do not require data storage. 

If present, the data storage element 201 may be any type of element which is 
capable of storing data. For instance, in a computer, all data values are stored as one's 
and zero's and correspond to voltages that are set to a high value (a one) or a lower value 
(a zero). The virtual column 200 may also include or be associated with one or more data 
storage elements 201. Elements capable of storing such values are well known in the art 
and may include, but are not limited to, capacitive elements, transistors, and transistor 
based devices such as latches or flip flops, magnetic devices, and optical devices. In 

other emWiments, the storage element 201 may store analog values that vary between a 

high value and low value, and are not necessarily confined to a conventional one or zero 

value. In other embodiments, the storage element 201 may be able to store a plurality of 

data bits. That is, the storage element 201 may include several individual elements each 
capable of storing a bit. For instance, the storage element may be able to store digital 
words. In other embodiments, the storage element 201 may be an optical storage device. 

According to one embodiment, each addressable switch element is responsive to 
only one of two possible signal types. When the signal to which the particular element is 
responsive is received by the addressable switch element, the addressable switch element 
becomes "active" or "conductive" and allows a signal to pass through its signal 
transmission channel (as opposed to its switching channel) in a ("perpendicular") signal 
pathway separate from the addressing or activation pathways. If all of the addressable 
switch elements of the virtual column have received, and continue to receive, the signal 
484651.1 
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tkat activates them, the virtual column 200 becomes conductive. When the virtual 

column 200 becomes conductive, signals may pass through it. In data storage 
embodiments, when the virtual column 200 is conductive, the information contained in 
the data storage element 201 may be accessed. The read out layer 210 may be used, as 

5 discussed below, to both read information out of the storage element 201 as well to play 

a part in storing information in the storage element 201 . 

In some embodiments, the information may be accessed by coupling the read out 
layer 210 to the data storage element 201 . For instance, if the data storage element 201 
is a capacitive element (i.e., a capacitor) the read out layer 210 is electrically coupled to 

10 the data storage element 201 through the addressable switch elements 202, 204 and the 
feed-thrOUgh 208 (i.e., through the Virtual column), In this example, the addressable 
switch elements 202 and 204 may be electrical switches such as transistors which allow a 
current to pass there-through when receiving the required input signal and the feed- 
through 208 may be any conductor implemented as an electrical connection between the 

15 transistors (e.g., a wire). In other embodiments, the addressable switch elements 202 

and 204 may be optical switches that allow energy (e.g., light or electrical energy) to 

pass through them when activated, and the feed-throughs may be optical fibers. 

The combination of storage element 201, addressable switch elements 202 and 
204, and feed-throughs may take on may forms. For instance, the virtual column 200 
20 may include an optical storage element, and optical feed-throughs with electrically 

controlled addressable switch elements that change in polarization in order to allow the 
optical information to flow them. Theoretically, the storage elements, addressable 

switch elements, and feed-throughs may each be electrical elements or optical elements. 

Thus, there exists a minimum of nine (9) different possible configurations of virtual 
25 Columns that include a data Storage element, each of which is different based on the types 
of components from which it is constructed. These nine different possibilities are shown 

in Table 1 where an "E" represents an electrical element and an "0" represents an optical 

element. 
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The read out layer 210 may be able to transmit the type of information contained 
ill the Storage element 201, For instance, if the storage element 201 stores optical data, 
the read out layer 210 should be able to carry an optical signal and conversely, if the 
5 storage element 201 stores information electrically, the read out layer 210 should be able 
to carry an electrical signal. Of course, a transduction element could be interspersed 
between the storage element 201 and the read out layer 210. In this embodiment, the 
read out layer should be able to carry the signal type produced by the transducer. 

Of course, other type of data storage elements may also be utilized creating even 

10 further variations. For instance, the data storage element 201 could be a magnetic 

device. 

In addition, if the storage element 201 is capable of storing more that one bit, for 
instance a word or a byte, the virtual column may be connected to multiple read out or 
write layers to simultaneously read or write multiple data elements from the storage 
15 element 201 . This variation is applicable to all embodiments disclosed herein. 

Addressing of Virtual Columns 

Fig. 3 shows a first virtual column 300 and a second virtual column 302. The 
first and second virtual columns, 300 and 302, respectively, will be used to explain how 
20 virtual columns may be uniquely addressed by using addressable switch elements. 

The first virtual column 300, includes addressable switch elements 304, 306, and 
308. The second virtual column 302 includes addressable switch elements 3 04 \ 306 \ 
and 308'. In one embodiment (discussed below), addressable switch elements 304 and 
304' may be coupled so that they may both receive a signal from a first addressing layer 
25 310; addressable switch elements 306 and 306' may be coupled so that they may both 
receive a signal from a second addressing layer 312; and addressing elements 308 and 
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308' may be coupled so that they may both receive a signal from a third addressing layer 

314. However, it should be understood that the use of addressing layers in this example 
is by way of example only and does not, therefore, require that all embodiments of the 
present invention include addressing layers. This example is merely to explain the 
concept of how the addressable switch elements may uniquely identify each virtual 
column. 

In the example of Fig. 3, the addressable switch elements 304, 306 ? 308, 304' and 
308' are all activated (i.e., enabled) by a first signal value (represented as a sign) and 
addressable element 306' is enabled by a second signal value (represented as a sign). 

In this example, the first and second signal values are different from one another. Each 

addressable element in this example is only enabled when it receives the appropriate 
input signal value. 

Thus, if the first signal "value" or "type" is presented on all three addressing 
layers, 310, 3 12, and 314, then all of the addressable switch elements of the first virtual 
column 300 are enabled and the first virtual column 300 becomes active. However, the 

second virtual column 302 is not enabled because, in this example, the addressable 

switch element 306' is enabled only when it receives the second signal value. If the 
signal on the second addressing layer 312 is changed so the second signal value is 
present thereon, then, the second virtual column 302 would become active. In this 
manner, the number of unique addresses of the matrix is bounded only by the number of 
addressable elements associated with the virtual columns (assuming that all virtual 
columns are associated with the same number of addressable elements). For example, if 
each virtual column is associated with three addressable elements, then there are 2 3 = 8 
addresses that may be used for eight different virtual columns using only three 
addressing layers and thus, 3 address "bits" or signals. 

Example Matrix and General Operation 

Fig. 4 shows a cutaway view of an example of a matrix 400 according to one 
embodiment of the present invention. The matrix 400 may be used to store data for use, 
for instance, in a computer or as a driver for a display screen or as a sensor (depending 

upon the active elements used or the materials used to construct the array). The matrix 

400 may include an activation layer 402 which enables the operation of the matrix 400. 
For instance, the activation layer 402 may be a write layer that carries a binary 
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representation of a data bit that is to be written to a storage element location of the matrix 
400. 

In this embodiment, the matrix 400 also includes a plurality of virtual columns 
404. The virtual columns 404 in this embodiment are shown as discreet columns that are 
separate from one another. However, this is by way of example only; the virtual 
columns need not be discreet elements. 

Each virtual column 404 is associated with at least one, and in some 

embodiments several, addressable switch element(s) 408, As discussed above, these 

addressable switch elements 408 are used to uniquely identify each virtual column 404. 
The addressable switch elements 408 determine the address for the virtual column 404 

and, therefore, determine the address for the data stored in the data storage element 406 
of a particular virtual column 404. 

In this embodiment, the addressable switch elements 408 are coupled to 
addressing layers 410 capable of transmitting signals to the addressable switch elements 
408. Each address layer 410 may be connected to an address line 420 that is driven by a 
controller 422 which communicates the desired address to the matrix 400. The controller 
422 could be any type of driving device such as a memory management unit (MMU) 
commonly available from companies such as Intel and Motorola, a display screen driver, 

or a sensor driver. The controller 422 may not need to be a separate device and may 

actually be part of a CPU. The controller 422 provides an address of the desired 
information (i.e., the address of the virtual column) to the address lines 420. In addition, 
the controller 422 should be capable of providing data to and receiving information from 
the matrix 400. To this end, the controller 422 may include an information line 424 
which facilitates the reading and writing of information to and from the matrix 400. The 
information line 424 may be coupled to the read out layer 426. 

In other embodiments, the controller 422 may be omitted and control of the 
matrix 400 is provided by the CPU directly. 

In this example, the addressing layers 410 are separated from adjacent addressing 
layers by insulating layers 412. These insulating layers 412 serve to keep any signal 
present on one addressing layer from interfering with a signal on another addressing 
layer. Of course, the insulating layers are not necessary if the signals being received do 

not interfere with one another. For example, if the signals are light signals, the insulating 

layers may not be needed. 
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Each addressing layer 410 may be adjacent to and conduct a signal to one of the 
addressable switch elements 408 of each of the virtual columns 404 disposed in the 
matrix 400. Each addressing layer 410 may be formed from any material which may 

carry a signal For instance, the addressing layers 410 may be formed from an electrical 

conductor such as gold, silver, copper, aluminum foil, aluminum film material, and the 
like if the addressable switch elements 408 respond to electrical input signals. 
Alternatively, the addressing layers 410 may be formed from a photo-conductor which 

transmits light such as glass or a polymer if the addressable switch elements 408 respond 

to optical input signals. In one embodiment, each addressable switch element 408 of the 

virtual columns 404 may be surrounded by a conductive material and if a plurality of 
virtual columns 404 are brought into contact with one another, conductive material 
portions surrounding the addressable switch elements 408 may contact one another and 
thereby form a conductive addressing layer. 

In general, the matrix 400 of this embodiment works as follows. An external 
device, such as a central processing unit (CPU) of a computer or other suitable controller 
422, alerts the matrix 400 that the device needs to access, store information or send 
information to a particular location in or to the matrix 400. This may be accomplished in 

a variety of ways. For instance, the matrix 400 may have an enable line (not shown) 

connected to the external. device which enables the matrix 400 upon receipt of a signal on 
the enable line. Alternatively, the matrix 400 may be directly connected to the external 
device in a "master-slave" arrangement and, in that case, no enabling signal is required. 

Regardless, after the matrix 400 is ready to conduct either reading or writing 

signals (i.e., it is enabled), an address is transferred to the addressing layers 410. The 
signal on each addressing layer is transferred to an addressable switch element 408 of 
each of the virtual columns 404. As discussed above, each addressable switch element 
408 may be responsive to one of two input signal values. If the signals on each of the 

addressing layers 410 collectively match the responsive pattern of the series of 

addressable switch elements 408 in a particular virtual column 400, the virtual column 
400 becomes "conductive." For instance, when all of the addressing elements 408 are 
receiving a signal which activates them and allows them to pass electrical current, the 

CPU may send a signal to activate a particular pixel attached to a particular column in 

order to display a particular image. 
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It should be understood that depending upon the type of active element used, 

such elements may need to be periodically refreshed. For instance, if the active element 

is a capacitive element, it is well known such elements need to be periodically refreshed 
to preserve the integrity of the data value stored therein. In addition, if, when the active 
element is read a discharge occurs, the storage element will need to be "reset" by writing 
a logical one thereto. This may be accomplished by enabling the column(s) that were 
recently read and applying a bias or voltage between the active element 406 and the read 
out layer 426 that serves to charge the active element. Of course, some active elements 
do not discharge and thus, do not need to be reset after being read. Examples of such 
elements may include magnetic devices, electrochemical devices such as a battery, liquid 
crystal devices and stereochemical devices. 

In some applications, it may be desired to access active elements 406 
sequentially. In those instances, the matrix 400 may include a device that sequentially 
accesses different addresses based on a starting address. Examples of such devices may 

include a binary counter or a memory map designed to transmit a sequence of addresses 

based on an initial address. 

The embodiment shown is substantially rectangular in shape. One of ordinary 

skill will readily realize that the present invention is not limited to the particular shape. 
In fact, non-memory matrices as well as memory devices of the present invention may be 
of any cross-sectional shape because the virtual columns may be disposed in any 
arrangement so long as their respective addressable switch elements may be coupled to 
the appropriate input addressing signals by means of appropriate addressing layers. 

Examples of Addressing Layers 

Fig, 5 Shows a virtual column 500 disposed through an addressing layer 502 and 
an insulating layer 504. The insulating layer 504 may be any type of layer which is 
capable of keeping a signal on one addressing layer from interfering with or contacting a 
signal on any other layer. For example, the insulating layer 504 may be composed of an 
adherent insulating tape or a non-conductive polymer. Alternatively, the insulating layer 
COUld be CO-formed with the addressing layer 502 and fused thereto. For example, the 
insulating layer could be an electrically insulating polymer sprayed on at least one side 
of a thin addressing layer. In yet another alternative, the addressing layer could be an 
electrically conductive film sprayed on to at least one side of a non- conductive polymer. 
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The virtual column 500 may include a data storage element 506 and an 
addressable switch element 508. Of course, if the device does not store data, the data 
storage element 506 may be omitted. The addressable switch element 508 is displaced 
such that it is in a conductive relationship with the addressing layer. A conductive 
relationship as used herein shall refer to a relationship between the addressable switch 
element 508 and the address layer 502 such that a signal presented on the addressing 
layer 502 may be received by the addressable switch element 508. For example, if the 
addressable switch element 508 is an n-type bi-polar transistor the gate of the transistor 
may be electrically coupled to the address layer 502, which in this example would be an 
electrically conductive medium such as aluminum or gold foil. If, for example, the 
addressing layer 502 conducts photonic signals such as light (e.g., a glass addressing 
layer) the addressing element 508 may be an optical switching device that has an optical 

gate connected to the glass layer. 

As discussed above, when all of the addressable switch elements in a particular 
virtual column receive the correct one of two possible signal values, all of the 
addressable switch elements are in an "enabled" or "active" state. When all of the 
switches are in the enabled state, the virtual column 500 as a whole become conductive. 
When the virtual column 500 becomes conductive, a desired signal may pass there- 
through. 

The embodiment of Fig. 5 may also include a read out layer 520 and a read out 

contact 522. When the virtual column 500 becomes conductive, the read out layer 520 is 
"coupled" to the column. The read out contact 522 may be connected to a device such as 
a sense-amp that can determine that a current is being discharged and recognize this as 

the effect of a logical 1 . 

In this manner, the inherent delay of reading and writing over narrow extended 
pathways is reduced. The furthest distance to be traversed is from one side of a matrix 
device of the present invention to the other and may be less depending upon the 
configuration of the device. For instance, if the device is circular with a hole in the 

middle (like a doughnut), the sense-amp could be displaced in the center and the farthest 

distance traveled would be the radius of the circular device. 
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Addres sable Switch Elements 

Example types of addressable switch elements are switches that are responsive to 
electrical signals such as transistors. For this type of switch, each switch may he thought 
of as responsive to, for instance, one of two voltages. The first type of switch may allow 
5 conduction when it receives a voltage in excess of a threshold voltage at it's gate. An 

example of such a switch would be a PNP transistor. The second type of switch may 

become active when it receives a null or a negative voltage at its gate. An example of 
such a switch would be an NPN transistor. 

Alternative types of switches that may be used as addressable switch elements are 

10 optical switches that are activated by a particular wavelength. The first type would open 
(i.e., become conductive) when receiving one specific wavelength or polarization state, 
and the second type would open when receiving a second wavelength or polarization 
State, Such an optical switch could be created by doping a portion of a virtual column 
made of fiber optic cable so that it allows for the conduction of data when exposed to a 

1 5 particular wavelength or polarization. 

In some embodiments each addressable switch element of the virtual column may 
be displaced from the other elements some distance. However, as one of ordinary skill 
will realize, the addressable switch elements could be physically connected to one 
another. For example, and referring now to Fig. 6a, a first addressable switch element 

20 606 is physically connected to a second addressable switch element 608. In Fig. 6a, by 
way of example only, the first and second addressable switch elements 606 and 608 are 
represented as transistors. The first transistor 606 is a p-type MOSFET having a gate 

610, a source 611, and a drain 612. The second transistor 608 is an n-type MOSFET 

having a gate 620, a source 621, and a drain 622. The drain 612 of the first transistor 
25 606 is electrically coupled to the source 621 of the second transistor 608. As is well 

known in the art, an electrical signal (i.e., a current) may pass from the source 61 1 of the 
first transistor 606 to the drain 612 of the first transistor 606 when an appropriate voltage 
is supplied to the gate 610 of the first transistor 606. The gate 610, in this example, is 
the portion of the first addressable switch element 606 (or transistor as shown) which 
30 contacts and receives an addressing signal from an addressing layer (not shown). 

If the gate 620 of the second transistor 608 is receiving the appropriate signal, the 
second transistor 608 will also become conductive and allow the current to pass from its 
source 621 to its drain 622. In this manner, when all of the addressing elements are 
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conductive, the information contained in the active element 629 (if present, it should be 
understood that the active element is not needed in all embodiments) may be read out or 

active element 629 may be written to through the now conductive column, In devices 

that do not store data, other effectors, sensors or interconnecting switches may be 
enabled. 

Fig. 6b shows a more detailed version of the first transistor 606 and the second 
transistor 608. In this embodiment, the first transistor 606 and the second transistor 608 
are connected in series to form a portion of a continuous virtual column 630. The first 
transistor 606 includes an n-type substrate 632. The source 611 and drain 612 of the first 
transistor 606 may each be formed of p-type regions displaced in the n-type substrate 
632 and separated by a first conduction channel 650 formed of the n-type substrate 632. 

The first conduction channel 650 is preferably connected to a first gate contact 
652 which is electrically coupled to a first addressing layer (not shown). The source 611, 
in some embodiments, may be coupled to an active element 629 by feed-through 628. 

The drain 612 of the first transistor 606 may then be electrically connected to the 
source 621 of the second transistor 608 by feed-through 623. The source 621 and the 
drain 622 of the second transistor 608 may be formed of n-type regions and are separated 
by a second conduction channel 654 in a p-type substrate 633. The second conduction 
channel 654 is electrically coupled, through a second gate contact 656, to a second 
addressing layer (not shown) which is different from the first addressing layer. In this 
manner, the virtual column 630 operates like the transistor schematic shown in Fig. 6a. 
In addition, and as one of ordinary skill in the art will readily realize, the virtual column 
630 may also include a separating layer 660 which electrically separates the first and 
second transistors, 606 and 608, respectively. A similar separating layer may be 
disposed between each transistor contained in the virtual column 630. 

Methods of Construction and Alternative Embodiments 

The preceding discussion has dealt in general terms of operation using one 
example embodiment. This example may be thought of as a "stacked conductor sheet" 
type of device because it includes stacked addressing layers. One issue with such a 
device is making sure that the addressable switch elements of the virtual columns are 

coupled to the addressing layers so that the addressable switch elements receive input 
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address signals. There are several ways in which the device may be created that address 
this and other issues. 

In one embodiment, the addressing layers may be stacked and then the virtual 
columns inserted. If this approach is taken, holes for insertion of virtual columns may 
need to be created (or kept open if they already exist in the addressing layers) so that the 
virtual column may be inserted or deposited in situ. The contacts of the addressable 
switch elements may be prefabricated such that when inserted into the addressing layers 
they may couple to the addressing layers. 

Figs. 7a and 7b show, respectively, a matrix 700 before and after prefabricated 

virtual columns have been inserted. In the embodiment described in relation to Figs. 7a 

and 7b, the virtual column two addressable switch elements 706a and 706b. The virtual 

column 702 may be similar in appearance to a "pin" to be inserted into the matrix 700. It 
is contemplated that the virtual column 702 may be rigid or flexible depending upon how 
they are fabricated. For instance, if the column is made similar to those shown above in 
Figs. 6a and 6b, the virtual column 702 may be rigid due to the substrate material from 

which they are composed. However, the virtual column 702 may be flexible if made 

from a fiber-optic cable or the like. 

The matrix 700 in Fig. 7a includes a plurality of holes 708 into which the virtual 
column 702 may be inserted. It is contemplated that an automated machine may insert 
the virtual columns 702 into holes 708. In this manner, the machine may be programmed 
such that when the columns are inserted the addressable switch elements 706a and 706b 

line up with and are electrically or otherwise coupled to the addressing layers 710a and 
710b, respectively. 

Fig. 7b shows a matrix 700 after a virtual column 702 has been inserted into one 
of the holes 708 shown in FIG. 7a. The addressable switch elements 706a and 706b are 

arranged with respect to the addressing layers 710a and 710b, respectively, such that a 
signal presented to the addressing layers may be coupled or otherwise communicated to 
the addressable switch elements. 

In another embodiment, the addressable switch elements may be printed on each 
layer as it is constructed. For instance, and referring now to FIG. 8, a first addressing 
layer 800 may have addressable switch elements 802, 804 and 806 placed thereon. The 
addressing elements may be placed on the first addressing layer by standard means such 
as photo -lithography, machine placement, or the like. As before, these addressable 
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switch elements 802 ? 804 and 806 may be responsive to one of two signal values so that 
when the correct signal is received, the addressable switch elements 802, 804 and 806 are 
enabled. The addressable switch elements 802, 804 and 806 may be coupled to the first 
addressing layer 800 in order to receive an addressing signal. 

The second addressing layer 808, having holes 810, 812 and 814 which pass 
through the second addressing layer 808, may be placed on top of the first addressing 
layer 800. In one embodiment, the holes 810, 812 and 814 may overlie the addressable 

switch elements 802, 804 and 806, respectively. The holes 810, 812 and 814 may then 

be filled with a material (i.e., a feed-through) that couples the addressable switch 
elements 802, 804 and 806 to the top of the second addressing layer 808. Next, 
additional addressable switch elements may be placed or printed on the second 
addressing layer 808. This process may be repeated until the desired number of 
addressing layers is present in the device. 

Of course, the process need not be carried out exactly as described above, For 
instance, the first and second addressing layers, 800 and 808, respectively, could be 
prefabricated and any holes there-through already filled with feed-throughs of the 
appropriate type. In addition, in some embodiments, all of the addressable switch 
elements may be located (i.e., printed or placed) on the addressing layers before they are 
stacked on one another. One of ordinary skill will realize that the addressable switch 
elements may be one of at least two types and placed so that when the addressing layers 

are stacked, a plurality of virtual columns each having a unique address is created. 

Fig. 9a shows another embodiment of a virtual column 900. In this embodiment, 
the virtual column 900 may include a data storage element 902, a first addressable switch 

element 904 and a second addressable switch element 906. Of course, as before, the data 

storage element 902 is not required in all applications and may be omitted in those 

applications. The first addressable switch element 904 and the second addressable 

switch element 906 are surrounded by conducting elements 908 and 910, respectively. 
The conductive elements 908 and 910 are coupled with the addressable switch elements 
which they surround (i.e., to addressable switch elements 904 and 906, respectively). 
That is, if an input signal is applied to the conducting elements such a signal will be 
transferred to the addressable switch elements which the conducting elements surround. 

Fig. 9b shows several virtual columns 900a, 900b . . . 900n constructed similar to 
the virtual column 900 of Fig. 9a which have been brought together such that conducting 
484651.1 



-21- 

elements 904a, 904b, . . . 904n and 906a, 906b, . . . 906n are in contact with each other. 
The conducting elements 904a ? 904b, . . . 904n collectively form an addressing layer that 
may carry signals to the addressable switch elements contained in each virtual column. 
Of course, the virtual columns may need to be connected to a read-out layer or the like in 
order for them to operate as a memory device as described above. 

Fig. 10 shows an example of another embodiment of the present invention. In 
this embodiment, the addressing techniques are slightly altered from those described 
above. However, the general theory is the same, that is, the matrix of virtual columns 
may still be constructed so that, in some embodiments, only a single line for each bit of 

the address is needed. 

In this embodiment, the illustrated portion of a virtual column 1000 includes an 
addressable switch element 1002. Only one addressable switch element is shown for 
sake of clarity. However, it should be understood that many addressable switch elements 
would normally be present as described above. 

Each addressable switch element is connected to two different addressing layers, 
e.g., addressable switch element 1002 is connected to addressing layers 1004a and 
1004b. However, the portion 1010 of the addressable switch element 1002 that causes 
the addressable switch element to become enabled may be connected to either of the 
addressing layers. Both of the addressing layers associated with addressable switch 

element 1002 are connected to signal distributor 1006 which serves to cause only one of 

the two addressing layers to be energized, e.g., driven to a logical one, regardless of the 

input signal. 

Fig. 1 1 shows an example of a signal distributor 1006. The signal distributor 
1006 allows any input to place a high value on either the first addressing line 1004a or 
the second addressing line 1004b. The signal distributor 1006 includes, in this example, 
an OR gate 1 106 and a NOR gate 1108. Both the OR gate 1 106 and the NOR gate 1 1 08 
have one input connected to an address line 1110 and the other input connected to 
ground 1112. If the input address is a logical one, the first addressing line 1004a is 
energized and, conversely, if the input address is a logical zero, the second addressing 
line 1 004b is energized. 

Referring back to Fig. 10, the portion of each addressable switch element 1002 
which enables the addressable switch element, the enabling portion 1010 (e.g., the gate 
of a transistor) is connected to one of the two addressing layers 1004a or 1004b provided 
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to the addressable switch element. For example, the enabling portion 1010 of the 
addressable switch element 1002 is connected to the high addressing layer 1004a. In this 
manner, only a single type of addressable element may be needed, the dual addressing 
nature described above being accomplished by connecting the enabling portion 1010 to 
one of the two different addressing layers, both of which deliver a high or low value, 
depending on the context, to the addressable switch element 1002. In other words, one 
could use only p-n-p transistors and could still have different addresses depending upon 
which addressing layer the enabling portion 1010 of each addressable switch element 
1002 is connected to. Each additional addressable switch element of the virtual columns 
may be similarly constructed and connected. 

Fig. 12 shows another alternative embodiment of a matrix 1201 according to the 
present invention. This embodiment does not require the addressing layers discussed 
above but, rather, utilizes addressing signals that pass through the matrix 1201 . In this 
embodiment, the address lines 1200 are connected to signal generators 1202a and 1202b 
which generate the desired addressing signals. Only two signal generators are shown for 
reasons of clarity, but several more could be included depending on the size of the matrix 

The signal generators 1202a and 1202b may be any type of device which receives 
one of two signals and outputs one of two signals based on the input. For instance, the 
signal generators may each include two LED's which output light at two different 
frequencies depending upon the input signal (e.g., when a logical one is received the first 
LED outputs light at a first frequency and when a null is received, the second LED 
outputs light at a second frequency). Alternatively, the signal generators could receive 
input signals and generate the following types of addressing signals: high frequency a.c. 
signals having two different frequencies, two phase-shifted high frequency a.c. signals, 
varying microwave signals or optical (such as laser) signals of different frequencies. 

Regardless of how the signals are generated or what type of signal is generated, 
addressing of the embodiment of Fig. 12 is conducted as follows. First, the signal 
generators 1202a and 1202b receive inputs from the address lines 1200. Then, the 
generators produce the desired output. The addressable switch elements 1204a and 
1204b are responsive to only one of two signals that a particular signal generator 1202 
may generate. 

In some embodiments, each signal generator 1202 generates two signals which 
are different from the two signals generated by every other generator. For instance, 
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signal generator 1202a, which is associated with the first addressable switch element 
1204a, may generate light waves having frequencies of 1 and 2 GHz and signal generator 
1202b, which is associated with the second addressable switch element 1204b, may 

generate light waves having frequencies of 3 and 4 GHz, Because eaeh signal generator 
5 1202 may generate unique signals, and addressable switch elements associated with each 
signal generator are responsive only to the two signals generated by the signal generator, 
the need to separate the addressing layers described above (or to maintain rigid 
alignment and registration of the addressable switch elements) becomes moot. Thus, in 
this embodiment, the matrix as a whole may be made of a clear substance that allows the 
10 desired signals to pass there-through. Of course, the substance need not be clear, it only 
needs to be able to pass all of the signals generated by the signal generators 1202. 

Several different possible embodiments have been disclosed above. The 
following explains how information may be written to or read from some of the data 
storage embodiments in more detail than described above. 

15 Fig. 13 shows one embodiment of the present invention implemented as a 

dynamic random access memory (DRAM) having capacitors CI and C2 as the data 

storage elements. For simplicity in explanation, the addressable switch elements 1302 
are simply shown as bubbles and may be for example, electrically or optically activated 
switches. Regardless of the type of elements which comprise the addressable switch 
20 elements 1302, such a DRAM works as follows. 

Each capacitor (e.g., data storage elements shown as CI and C2 in this example) 
is connected to a positive voltage line V+ at one end. The other end of each capacitor CI 

and C2 is connected, respectively, to columns 1304 and 1306. When the column 

becomes enabled, the capacitor is allowed to discharge (if a charge has been stored) to 

25 ground through sense amp 1308. 

For read operations, if the sense amp 1308 senses a current, that means that the 

value stored in the capacitor is a one. If no current (or a very small current) is detected, 

then the value is a zero. If the value is a one, the CPU should, at a later time, refresh the 
capacitor by writing a one to it. This may be accomplished by addressing the column 

30 again and keeping the column enabled (i.e., keep the same address on the address lines) 
until the capacitor has time to recharge. 

Writing in this embodiment is very similar to reading. To write a one, the desired 
column simply needs to be enabled long enough to charge the capacitor. To write a zero, 
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the column merely needs to be addressed long enough to discharge the capacitor. Of 
course, if the value stored in the capacitor already is a zero, this can be determined by the 
sense amp 1308 and the time the column needs to be enabled can be reduced. 

Fig. 14 shows another embodiment by which reading and writing may be 
effectuated. The embodiment of Fig. 14 includes first and second columns, 1402 and 
1404, both of which may operate or be constructed according to any of the embodiments 
described above. The first column 1402 is coupled to a first flip-flop 1406 and the 
second column 1404 is coupled to a second flip-flop 1408. In this embodiment, the flip- 
flops 1406 and 1408 function as storage elements. That is, the flip-flops store the binary 
data bits associated with each column. The inputs 1412 and 1414 of the first flip flop 
1406 may, respectively, be coupled tkrougk, for instance, first transistor 1418 and second 
transistor 1416 to a write line 1420 and a read/write line 1422. Both the transistors 1416 

and 1418 may be coupled to the first column 1402, At least one output of the flip-flops 
may be coupled to a read-out layer 1410. 

Fig. 15 is a more detailed version of a portion of the embodiment of Fig. 14. Of 
course, the discussion related to the single column of Fig. 15 may apply to some or all of 

the columns in a matrix according to the teachings herein. In this example, the flip-flop 
1406 is a "set-reset" type flip-flop, but other types of flip-flops could be used. 

To read from the flip-flop 1406 via read-out line 1410, all that needs to be done 
(after the column 1402 is conductive) is to drive line 1422 to a high level while keeping 
line 1420 low. Similarly, to write to flip-flop 1406, line 1422 need only be placed in a 
low state. 

Fig. 16 shows an exploded view of yet another embodiment of the present 

invention. One distinguishing feature of this embodiment is that, in some instances, 
virtual columns may actually share addressable switch elements. 

The embodiment shown includes six addressing layers, a first addressing layer 
1602, a second addressing layer 1604, a third addressing layer 1606, a fourth addressing 
layer 1608, a fifth addressing layer 1610, and a sixth addressing layer 1612. Tie number 

of addressing layers in this embodiment is not limited to six and may include as few as 

two or as many as are needed to achieve the desired number of uniquely addressable 

locations. 

Each layer is divided into a plurality of portions and each portion is responsive to 

one of two address signal values. The "portions" are similar to the addressable switch 
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elements described above in that they only become conductive or enabled when they 
receive the correct input signal type. Of course, the portions illustrated in Fig. 1 6 could 
be responsive to any type of input value. For example, the portions could be responsive 
to a voltage input value, different frequencies of light, or different frequencies of a.c. 
5 current. 

In more detail, the first addressing layer 1602 is divided into a first portion 1614 
and a second portion 1616, with the first portion 1614 being responsive to a first signal 
type and the second portion 1616 being responsive to a second signal type. For instance, 

the first portion 1614 could be responsive to an input value of 1 and the second portion 
10 responsive to an input value of 0. 

For simplicity, as illustrated the "hatched" portions will be assumed to be 
responsive to a first signal type and the non-hatched portions responsive to a second 

signal type. 

The second addressing layer 1604 is similarly divided into first and second 

15 portions 1618 and 1620, respectively, The second addressing layer 1604 may be 

arranged such that the portions thereof lie in a direction perpendicular to those of the first 
addressing layer 1602. 

The third addressing layer 1606 is divided into four portions, 1622, 1624, 1626 
and 1628. On the third addressing layer 1606, portions 1624 and 1628 are responsive to 
20 the first signal type and portions 1622 and 1626 are responsive to the second signal type. 
The fourth addressing layer 1608 is also divided into four portions, 1630, 1632, 1634 and 
1636. The fourth layer 1608 may be arranged such that the portions thereof lie in a 
direction perpendicular to those of the third layer 1606. 

The fifth addressing layer 1610 and the sixth addressing layer 1612 are divided 

25 into eight portions each, with the portions of the fifth addressing layer 1610 being 

perpendicular to the portions of the sixth addressing layer 1612. In particular, the fifth 

addressing layer 1610 includes portions 1638, 1640, 1642, 1644, 1646, 1648, 1650 and 

1652 with portions 1640, 1644, 1648 and 1652 being responsive to the first signal type 
and portions 1638, 1642, 1646, and 1650 being responsive to the second signal type. 
30 The sixth addressing layer 1612 includes portions 1654, 1656, 1658, 1660, 1662, 1664, 
1666 and 1668 with portions 1656, 1660, 1664 and 1668 being responsive to the first 

signal type and portions 1654, 1658, 1662, and 1666 being responsive to tke second 

signal type. 
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Additional layers could be added with each grouping of two new layers being 

further subdivided and arranged as above. However, a new layer need not correspond 
and have perpendicular portions to the layer below. For instance, each layer could be 
subdivided into two times as many portions as the preceding layer. 
5 The embodiment shown includes a first virtual column 1 670 and a second virtual 

column 1672. Each virtual column includes six addressable switch elements formed 
from a portion of each addressing layer through which it passes. In particular, as shown, 
the first virtual column 1670 passes through portion 1614 of the first addressing layer 
1602, portion 1618 of the second addressing layer 1604, portion 1624 of the third 
10 addressing layer 1606, portion 1630 of the fourth addressing layer 1608, portion 1644 of 

the fifth addressing layer 1610 and portion 1654 of the sixth addressing layer 1612. The 
second virtual column passes through portion 1614 of the first addressing layer 1602, 
portion 1618 of the second addressing layer 1604, portion 1622 of the third addressing 
layer 1606, portion 1630 of the fourth addressing layer 1608, portion 1640 of the fifth 
15 addressing layer 1610 and portion 1656 of the sixth addressing layer 1612. 

The first virtual column 1670, assuming that the first signal type is a "1" and the 
second signal type is a "0" and that the first addressing layer 1602 is provided with the 

highest order address bit and the sixth addressing layer 1612 with the lowest order 
address bit, has an address of 101010 and the second virtual column has an address of 

20 10001 1. The first virtual column 1670 and the second virtual column 1672 both have the 
highest order bit (i.e., their connection to the first layer 1672) that is responsive to the 
first signal type. This addressable switch element may thus be thought of as shared 
between the two virtual columns, 1670 and 1672. 

The portions of each addressing layer may be formed in several different 

25 manners. For instance, each portion could be a single transistor or other device 

responsive to an electrical input. In embodiments utilizing optical addressing, each 
portion could be composed, for instance, of a material which passes light of a particular 

frequency. 

In addition, if the embodiment of Fig. 16 is to be used in a memory device, each 
30 virtual column may be associated with a data storage element as described above. 

Figs. 17a and 17b show alternative examples of how the present invention may 
be arranged. In these embodiments, the data storage device is constructed such that the 
addressing layers 1702 take the form of addressing lines laid down on a strip 1704. 
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Thus, in this example, the addressing layers will be referred to as "addressing lines". 
Virtual columns 1706 are overlaid or otherwise disposed in contact with the addressing 
lines 1702. 

Fig. 17a shows the strip 1704 as a continuous spiral wind 1700. The addressing 
lines 1702 may be laid on the strip 1704 over substantially the entire length of the strip 

1704. Tke virtual columns 1706 overlie or otkerwise contact tke addressing lines such 
that the addressable switch elements contained therein are coupled to the addressing lines 
1702. The general operation of this embodiment is the same or similar to that described 
above with each column 1706 having a unique address. The strip 1704 may be any type 
of material that insulates addressable elements (not shown) from other addressable 
elements as the strip is wound. 

This embodiment lends itself to easy construction due to its linear design. For 
instance, as the addressing lines 1702 are being laid on the strip 1704, the virtual 
columns could be placed, printed, etc. immediately or soon thereafter and the strip 1704 
rolled. 

Fig. 17b shows another alternative embodiment of a data storage device 1701 . In 
this embodiment, several discrete strips 1710a, 1710b . . . 171 On are placed together. 
Each discrete strip may include address lines and virtual columns arranged as described 
above. Each address line may be connected to all of the other lines that are on the same 
level. For instance, the top address line 1712a of the first strip 1710a may be connected 
to the top address line 1712b of strip 1710b. The connection may be through the strips by 
utilizing feed-throughs or via an external connection such as a wire or by direct contact 
and or subsequent fusion into a contiguous layer. 

Fig. 17c is an exploded view of two strips, 1710a and 1710b, demonstrating one 
way in which the strips may be assembled to result in the topology of Figs. 17a and 17b. 
The first strip 1710b includes multiple address lines 1720. Interposed with and coupled 

to these address lines 1720 are virtual columns 1722. The unattached virtual column 
1724 may be placed in the opening 1726. Of course, each virtual column need not be 

placed in an opening as illustrated in Fig. 17c. For example, the virtual columns 1722 

could be placed on the strip first and the address lines 1720 could be added later or vice- 
versa. 

Furthermore, the address lines of one layer strip may be interconnected to address 
lines of another layer to form a contiguous addressing layer. 
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Fig. 18 shows yet another alternative embodiment of a matrix 1800 according to 
aspects of the present invention. In this embodiment, the matrix 1800 is composed a 
plurality of sections 1802a, 1802b . . . 1802n. 

Each section may include a plurality of address lines. For instance, section 1802a 

5 may include address lines 1804a, 1806a, 1808a, 1812a, and 1814a. Each of the address 

lines may be coupled to a plurality of virtual columns 1816. Each of these address lines 
is also coupled to a corresponding input address line. For instance, address line 1 804a is 
COUpled to Input address line 1820 and address line 1806a is coupled to input address line 
1 822. The coupling may be a direct connection (i.e., the address line and the input 

10 address line are the same wire or other material) or via a feed-through that passes 

through the backing layer 1830 to couple the address line to the input address line. 

The address lines of each section are each coupled to one of the input address 
lines as described above. For instance, address line 1804n of section 1802n is coupled to 
input address line 1820. In this manner, each address line that corresponds to the same 

1 5 level in each section is coupled to the same input address line. Thereby, the same 

address is presented to each section substantially simultaneously. 

Of course, if an active element, such as a data storage element activation thereof 

may be accomplished using the techniques described above with the addition of read/ 
write lines connected to the data storage elements. 

20 In this embodiment, the virtual columns may be created on or in a substrate (for 

example, npn and pnp transistors on a silicon substrate) and the addressing lines are laid 
down perpendicular to the parallel columns in order to access the appropriate addressable 

switch elements (not shown). That is, the backing layer 1830 could be the substrate. 

However, as one of ordinary skill will readily realize, the address lines and virtual 
25 columns could be created and/or constructed in any of the manners disclosed herein. Of 

course, in other embodiments, the backing material 1830 could be an insulator onto 

which all components are placed. 

Figs. 19a and 19b show another embodiment of a matrix 1900 according to the 

present invention. In particular, Fig. 19a shows several matrices devices stacked 
30 together and connected via external access bus bars 1901. In the embodiment shown in 

Fig. 19, six different matrices devices are shown, first matrix 1902, second matrix 1904 

third matrix 1906, fourth matrix 1908, fifth matrix 1910 and sixth matrix 1912. Each 



484651.1 



-29- 

matrix may be constructed in any of the manners described above and the number of 
matrices that may be combined is not limited by the embodiment shown. 

Referring now to Fig. 19b, an example of a single matrix 1930 tkat may be 
utilized in the embodiment of Fig. 19a is shown. The matrix 1930 includes external 

5 layer access lines 1932, 1934. 1936, 1938. 1940, 1942, 1944, and 1946 tkat extend from 

each addressing layer of the matrix 1930. For instance, external layer access line 1932 

extends from the lowest addressing layer 1950 and external layer access line 1934 

extends from the second lowest addressing layer 1952. Of course the number of 
addressing layers is not limited to the number shown in Fig. 19b. 

10 Referring back to Fig. 19a, each external layer access line is connected to a 

particular external bus bar 1901 (for clarity, only those external layer access lines 
discussed are labeled). Each of the external access bus bars 1901 is connected to an 
external access layer line that corresponds to the same address layer for every device. 
For instance, the external layer access line 1932a which is connected to the lowest layer 

15 of the first device 1902 is connected to the first external access bus bar 1901a. Similarly, 
the external layer access line 1932b which is connected to the lowest layer of the second 
device 1904 is connected to the first external access bus bar 1901a, The other external 
layer access lines are similarly connected such that every device has its corresponding 
address layer connected to the same external bus bar 1901 . 

20 The address desired is presented to the (in this example) base of the external bus 

bars and simultaneously reaches each matrix at the same time. 

In this embodiment, the six matrices 1902, 1904, 1906, 1908, 1910 and 1912 are 
stacked on top of one another. In operation, the six matrices may be operated as a single 
device in at least two different ways. First, each matrix could hold, for example, a single 

25 bit of a word and when a particular address is accessed all of the bits could be 

simultaneously accessed. Alternatively, each matrix could contain a set of addresses that 
are different from every other device. In this embodiment, each device may not include 
the maximum number of address locations but rather only a portion thereof. This may be 
particularly useful when the cross-sectional area of the device is limited by external size 
30 constraints; instead of adding more columns horizontally displaced from one another to 
increase capacity, the columns are stacked on top of each other with each containing a 
portion of the total address space. Furthermore, even as the active elements become 
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smaller, area constraints may still impose limits that may, in some instances only be 
overcome by stacking the matrices as shown in Fig. 19a. 

In the embodiments described in the foregoing discussion, all switching signals 

delivered to the addressable switch elements have been enabling signals for turning the 

switches to an enabled state and allowing conduction of a transverse signal through a 
particular virtual column. Conversely, signals and addressable switch elements may be 

utilized in a manner such that all of the switch elements are normally in the enable state, 
and the virtual column is thus, conductive, until one of the switch element is not in the 
conductive or enabled state. Addressing may be thought of in this manner as "shutting 
off all of the columns except the desired column. This is yet another way that the unique 

addressing of a particular virtual column according to aspects of the present invention 
may be accomplished. 

Fig, 20 shows an example embodiment where each virtual column may be 

addressed when all of the addressable switch elements associated therewith are in an 
enabled state and addressing is accomplished by "turning off 5 one or more of the 

addressable switch elements in all columns other than the one being addressed. Namely, 

in the embodiment of Fig. 20, a virtual column is uniquely addressed (e.g., enabled) if it 
is the only virtual column with all of its addressable switch elements remaining in the 
enabled state after the address has been applied to the elements. This may be 
accomplished in one embodiment, by routing the signal passing through the virtual 
column through a more easily passed route, e.g., through an addressing layer. 

In general, this embodiment works by causing an addressable switch element to 
enter a disabled state when there is an alternative path through an addressing layer more 
preferable than that through the virtual column. 

In the embodiment of Fig. 20, the first addressing layer 2000 and the second 
addressing layer 2002 both include two conductive sheets separated by an isolating layer. 

That is, the first addressing layer 2000 includes a first conductive sheet 2004 and a 
second conductive sheet 2006 separated by isolating layer 2008 and the second 
addressing layer 2002 includes a third conductive sheet 2010 and a fourth conductive 
sheet 2012 separated by isolation layer 2014. 

The first virtual column 2016 includes a first addressable switch element 201 8 
and a second addressable switch element 2020. In this embodiment, the virtual column 
(e.g., column 2016) may be composed of a conductive material of intermediate 

484651.1 



-31- 

conductivity such as graphite or other resistive composition or of metallic material of 

higher conductivity such as aluminum, copper, silver, or gold. 

To actuate an addressable switch element responsive to a first signal, one of the 
two conductive layers is connected to ground. For instance, addressing lines 2022 and 
5 2024 may, respectively, couple the first conductive sheet 2004 or the second conductive 
sheet 2006 to ground. 

In this embodiment, each addressable switch element is coupled to one of the two 
conductive sheets of one addressing layer. For instance, a first addressable switch 
element 2018 may be coupled to the first conductive layer 2004 and not coupled to the 
10 second conductive layer 2006. 

One of the two conductive layers may be selected via a selector 2030. This 
selector may be implemented in any manner such that a particular conductive layer may 
be coupled to ground or V+. For instance, each selector 2030 could be similar to the 

signal distributor detailed above with respect to Fig. 1 1 such that a selected layer is 

15 coupled to ground. However, unlike the embodiment of Fig. 1 1, a low or ground signal 

rather than a high signal may be placed on the desired line, 

After the conductive layer has been coupled to ground, the signal passing through 
the column (e.g., first column 2016) is coupled to ground and does not pass to the end of 
the virtual column. In this manner, if only one addressable switch element of the virtual 
20 column is grounded, the column is "non-conductive" and thereby not selected. 

Many of the foregoing embodiments of matrix devices have included the use of 
virtual columns. The columns were typically associated with a data storage element. 
However, it should be recognized that these virtual columns may be applicable in other 
applications that do not require a data storage element as well. For instance, the 
25 columnar addressing techniques described herein could be applied to applications such as 

video displays which are "real time" and therefore do not require data storage at all thus, 

removing any need for read/write lines or refresh operations. Other applications may 
include, but are not limited to, video imaging systems, sensor arrays, and logical 
processors. 

30 While various embodiments of the present invention have been described above, 

it should be understood that they have been presented by way of example only, and not 
limitation. Thus, the breadth and scope of the present invention should not be limited by 
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any of the above-described exemplary embodiments, but should be defined only in 
accordance with the following claims and their equivalents. 
What is claimed is: 
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